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(57) Abstract: The present disclosure relates generally to the use 
of castanospermine in combination with another therapeutic agent 
to treat or prevent infections caused by or associated with a virus 
of theFlaviviridae family, particularly infections caused by or as- 
sociated with Hepatitis C virus (HCV), and to the use of such com- 
pounds to examine the biological mechanisms of HCV infection. 
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Combination anti-viral compositions comprising castanospermine and methods of use 

TECHNICAL FIELD ' 

The present disclosure relates generally to the treatment of infectious 

disease, and more specifically, the use of castanospennzne in combination with an anti- 

5 viral compound to teat or prevent infections caused by or associated with Flaviviridae, 

particularly infections caused try ox associated with hepatitis C virus (HCV). 

* 

BACKGROUND 

The flavivrnis gcoup includes the causative agents of numerous human 
diseases and a variety of animal diseases that cause significant losses to the livestock 

10 industry. The family Flaviviridae (members of which are referred to herein as 

flaviviruses) include ftte genera Flavivirus (e.g ti yellow fever virus, dengue viruses, 
Japanese encephalitis virus, and tick-borne encephalitis virus); Pestivtrus (ag. t "bovine 
viral diarrhea virus (BVDV); classic swine fever virus, and border disease vims); 
Hepacivirus (e.g., hepatitis C virus); and currently unclassified members of the 

15 Flaviviridae (e.g., GB vims types A, B and C). Members of the Flaviviridae are 

described in detail by fixe International Committee on Taxonomy of Viruses (the currently 
accepted taxonomic definition is described in: Virus Taxonomy: The Classification and 
Nomenclature of Viruses. The Seventh Report of the International Committee on 
Taxonomy of Viruses, van Regcnmortel et at., Academic Press, San J>iegp (2000)), the 

20 contents of which are hereby incorporated by reference). 

A clinically significant member of the Flaviviridae fkmiry is hepatitis C 
virus (HCV). HCV was first identified in 1989 and is a major cause of acute hepatitis, 
responsible for most cases of post-transfusion non-A, non-B hepatitis. In addition, HCV 
is a major cause of chronic liver disease, including cirrhosis and liver cancer (Hoomagle, 

25 Hepatology 26:15S, 1997). The World Health Organization estimates that 170 million 
people axe chronically infected with HCV. Approximately 3-4 million people are newly 
infected each year, and 80-85% of these infected patients develop chronic infection with 
approximately 20>30% of these patients progressing to cirrhosis and end-stage liver 
disease, frequently complicated by hepatocellular carcinoma (HCC) (see. e.g.. 

30 Kolykhalov et al. f Jl Virol 74:2046, 2000). 

1 
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HCV is an enveloped positive-stand BKA virus. The genome carries at 
the 5* and 3' end* non-txanalated regions (NTRs) mat form stable secondary and tertiary 
structures. The 5 3 NTR carries an mternal ribosome entry site (HUBS) permitting the 
direct binding of ribosomes in close proximity to the start codon of the open reading 

5 frame. Thus, translation of HCV KHA is mediated by the IRES, rather man the 
CAP-dependent mechanism typically used for translation of cellular xnRNA. 

The HCV genome consists of a single long open reading frame that 
encodes a polyprotain of approximately 3000 amino acid residues. This polyprotem is 
processed co- and post-trauslationally into at least 10 different products, including two N- 

10 linked glycosylated proteins El and E2. Within the polyprotem, cleavage products are 
ordered as follows: core (C); envelope protein I (El); EZ; p7 (which may be an ion 
charmel-foinung polypeptide); ncm-structural protein 2 (NS2); NS3; NS4A; NS4B; 
NS5A;andNS5B. The core protein is a highly basic RNA binding protein foiming the 
major constituent of the nucleocapsid. The envelope proteins El and E2 are highly 

15 glycosylated type 1 membrane proteins anchored through the carbaxy-tenninal region. 
They are embedded into the lipid envelope of the virus particle and associate to form 
stable heterodimers. The non-structural proteins are involved in viral replication and 
possess protease (NS2/NS3), helioase (NS3), and RNA polymerase activities (NS5B). 
Binding of HCV to the host cell probably requires the interaction of E2 or the E1/E2 

20 complex with a receptor that is present on the cell surface. 

An imderstanding of the mechanism of HCV particle assembly is limited. 
The absence of complex grycans, the localization of expressed HCV glycoproteins in the 
endoplasmic reticulum (ER), and the absence of these proteins on the cell surface, 
together suggests that initial virion morphogenesis occurs by budding into intracellular 

25 vesicles from the ER- Additionally, mature E1-E2 heterodhners do not leave the ER, and 
ER retention signals have been identified in the (^terminal regions of both El and E2. 
therefore, the virus would be exported via the constitutive secretory pathway. In 
agreement with this assumption, complex N-lmked glycans were found on the surface of 
partially purified virus particles, suggesting that the virus transits through the GolgL 

30 Until recently, mterferon-a OffN-ot) was the only therapy with proven 

benefit for the treatment of HCV rnfection- Approximately 50% of patients show an 
initial response to treatment with IFN-o, but the response is not sustainable in the 

2 
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majority of patients and the patients suffer considerable associated side effects. The 
current standard of care for treating HCV infection is administration of IFN-ct with the 
nucleoside analogue ribavirin. However, identification of therapeutic candidates that 
have more potent antiviral activity and fewer undesirable aide effects is needed. 
5 Hence, a need exists for identifying and developing emft-Ftaviviiidae 

agents that have unproved anti-vital activity and reduced toxicity, and in particular 
therapeutics for die treatment of HCV. The present invention meets such needs, and 
further provides other related advantages. 

SUMMARY 

10 The present invention generally provides castanospennine compositions 

for use in treating or preventing, for example, Flaviviridae. infections, such as those 
caused by hepatitis C virus (HCV). In particular, the present disclosure provides 
castanospernune in combination with other anti-Ftevi viridae compounds, providing 
unexpectedly high, or synergistic, inhibitory activity against HCV. 

15 In one embodiment, the invention provides a method for treating a 

Flaviviridae infection comprising admini stering to a subject castanospennine, or a 
pharmaceutical acceptable salt thereof; and an agent that alters immune function. In 
another embodiment, a method is provided for treating a Flaviviridae infection 
comprising administering to a subject castanospennine, or a phatmaceutically acceptable 

20 salt thereof, and an agent that alters replication of a virus of the Flavhriridae family. In 
certain embodiments, the subject is a human. In other certain embodiments, the virus of 
the Flaviviridae family is a member of the genus Flavivtrus, which may be a Hepacivirus, 
wherein the Hepactvims is Hepatitis C virus (HCV), or the virus is a member of the 
genus Pesttvirus. In another certain embodiment, the agent that alters immune function is 

25 an interferon, such as an interferons and in a particular embodiment, the mterferon-a is 
pogylated. The invention also provides a method wherein castanospennine and the agent 
feat alters immune function are administered sequentially (wherein castanospernune is 
administered before the agent that alters immune function or wherein the agent that altars 
immune function is administered before castanospetmine) or castanospennine and the 

30 agent are administered conciirrentry. In another embodiment, castanospennine and the 
agent that alters immune function are admixed as a single composition and administered 
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concurrently. In another embodiment, the method comprises administering to a subject 
(a) a composition comprising castanospermine and a phannaceutically acceptable carrier 
and (b) a composition comprising the agent that alters immune function and a 
phatmaceutically acceptable carrier. 

5 In another embodiment, the agent that alters viral replication is ribavirin or 

is an interferon, such as an interferon-o; and in a particular embodiment; the interferon- a 
ia pegyiated The invention also provides a method wherein castanosperrmiiB and the 
agent that alters viral replication are administered sequentially (wherein castano spermine 
is a dminist ered before the agent that alters viral replication or wherein the agent that 

10 alters viral replication is administered before castano spermine), or castanospermine and 
the agent are administered concurrently. In another embodiment, castanospermine and 
the agent that alters viral replication are admixed as a single composition and 
administered concurrently. In another embodiment, the method comprises administering 
to a subject (a) a 'composition comprising castnrto spermine and a pharrnaceutically 

15 acceptable carrier and (b) a composition comprising the agent that alters viral replication 
and a phatmaceutically acceptable carrier. 

The invention also provides a method for treating a Flaviviridae infection 
comprising administering to a subject cagtano spermine, or a pharrnaceutically acceptable 
salt thereof and an agent that alters immune function wherein castanospermine and the 

20 agent that alters immune function interact synergistically. In another embodiment, a . 
method is provided for treating a Flaviviridae infection comprising administering to a 
subject ca stanospennine, or a pharmaceutically acceptable salt thereof, and an agent that 
alters viral replication wherein castanospermine and the agent that alters viral replication 
interact synergistic ally. 

25 .Also provided herein is a method for treating Flaviviridae infection 

comprising castanospermine in combination with an agent that inhibits infection of cells 
by Flaviviridae', a compound that inhibits the release of vital RNA from the viral capsid 
or inhibits the function of Flaviviridae gene products; a compound that alters Flaviviridae 
replication; a compound that alters immune function; a compound that alters symptoms of 

30 a Flaviviridae infection; or a compound for treating i^avrv/ric/ae-associated infections. In 
certain embodiments, the compound that alters immune function is an interferon such as 
an interfertm-a; and in a particular embodiment, the interferons is pegyiated. In a 
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particular embodiment, the compound that alters Flaviviridae viral replication is ribavirin 
or interfbron-cc. In certain embodiments, the rfmuvE^og-associated infection is a 
hepatitis B viral (HB V) infection or a retroviral infection, wherein the retroviral infection 
is a human iramunodefiriemcy virus (HIV) infection. 
5 Also provided is a method for treating a Flaviviridae infection) comprising 

administering to a subject castanospermine, or a pharmaceutical^ acceptable salt thereof, 
and an interferon. In certain embodiments, the interferon is an interferon-o; and in certain 
other embodiments, the interferon-^ is pegylatecL hi one embodiment, castario spermine 
and the interferon interact synergisticalry . 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Figures 1 A and IB show the 3 -dimensional and 2-dimensional, 
respectively, synergy of mterferon-o2b (TFN-a) and castanospennine (Cast) against 
MDBK cells that were infected with BVDV at a multiplicity of infection (MOI) of 0.01. 
The positive % above the horizontal plane (additivity surface) reveals the regions and 

15 conesponding drug concentrations at which a synergistic effect is observed. The 
gradation in gray, a shift from light to dark, indicates the level of synergy. 

Figure 2 shows an isobolograxn of the data shown in Figure 1. 
Figures 3A and 3B show die 3 -dimensional and 2-dimensional, 
respectively, synergy of ribavirin (RBV) and castanospennine (Cast) against MDBK cells 

20 that were infected with BVDV at a multiplicity of infection (MOI) of 0.01. The positive 
% above (he horizontal plane (additivity surface) reveals the regions and corresponding 
drug concentrations at which a synergistic effect is observed. The gradation in gray, a 
shift from light to dark, indicates the level of synergy. 

Figure 4 shows an isobologram of the data shown in Figure 3. 

25 Figures 5A and 5B show the 3-dimensional and 2-Khmensional, 

respectively, results of a cytopatbia assay hi which MDBK cells were infected with 
BVDV at a multiplicity of infection (MOI) of 0.01 and then exposed to interferon-oSb 
(IFN-d) and oastanospsnnine (Cast). The negative % below the horizontal plane 
(additivity surface) reveal the regions and corresponding drug concentrations at which 

30 cytotoxicity is not increased and even possibly diminished. The gradation in gray, a shift 
from light to dark, indicates the level of antagonism (*\&, unaffected cytotoxicity). 

5 



WO 2006/037227 PCT/CA2005/001528 



, Figures 6A and 6B show the 3-dimensional and 2-dimensidnal, 

respectively, results of a cytopathic assay in which MDBK cells were infected with 
BVDV at arnultiplicity of infection (MOI) of 0.01 and then exposed to ribavirin (RBV) 
and castanospermina (Cast). The negative % below the horizontal plane (additivity 
5 surface) reveal the regions and corresponding drug concentrations at which cytotoxicity is 
not increased and even possibly diminished. The gradation in gray, a shift form light to 
dark, indicates the level of antagonism (z.&, unaffected cytotoxicity). 

DETAILED DESCRIPTION 

The present invention generally provides compositions and methods for 

10 using caatanospermine in combination with another anti-viral compound to treat ox 
prevent infectious diseases. In particular, these compositions are useful for treating or 
preventing Flaviviridae infections, such as hepatitis C virus (HCV) infections. The 
invention, therefore, relates generally to the surprising discovery that castano spermine in 
combination with another compound, such as mterferon-alpha (EFN-o, mterferon-a, 

1 5 alpha-interferon, or (^interferon) or ribavirin, has an unexpectedly high activity against 
HCV. Accordingly, the compounds of the invention are useful, for example, for treating 
HCV infection and HCV-related disease and are also useful as research tools for in vitro 
and cell-based assays to study (he biological rnechamsms of HCV infection (eg., 
replication and transmission). 

20 By way of background, glycoproteins are classified into two major classes 

according to the linkage between Sugar and amino acid of the protein. The most common 
is the N-glycosidic linkage between an asparagine of the protein and an N-acetyl-D- 
glucosamine residue of an oligosaccharide. N-hnked oligosaccharides, following 
attachment to a polypeptide backbone, are processed by a series of specific enzymes in 

25 the endoplasmic reticulum (ER), and this processing pathway has been well 
characterized. 

In thB ER, a-glucosidase I is responsible for the removal of the terminal 
a- 1,2 glucose residue from the precursor oligosaccharide, and a-glucosidase H removes 
the two remaining o>l ,3 linked glucose residues prior to removal of mannose residues by 
30 mannosidases and further processing reactions involving various transferases. These 
oligosaccharide "trirmrung" reactions enable glycoproteins to fold correctly and to 
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interact with chaperons proteins suck as camexin and caheticulin for transport through 
the OolgL apparatus. 

Inhibrtors ofkey enzymes in this biosynthetic pathway, particularly those 
blocking a-glucosidases and a-mannosidases, prevent replication of several enveloped 
5 viruses. Such inhibitors may act by interfering with the folding of the viral envelope 
glycoprotein, thus preventing the initial virus-host cell interaction or subsequent fusion. 
These inhibitors may also prevent viral duplication by preventing the construction of the 
proper glycoprotein required for the completion of the viral membrane. 

For example, nonspecific gtycosyktion inhibitors 2-deoxy-D-glucose and 

10 B-hydroxyHoorvalme inhibited expression of HIV glycoproteins and blocked the 
formation of syncytia (Blough et aL, Biochem. Biophys. Res. CommiaL 141:33-38 
(1986)). Viral multiplication of HIV-infected cell* treated with these agents is stopped, 
presumably because of the unavailability of glycoprotein required for viral membrane 
fbnnataorL The glycosylatkm inhibitor 2-deoxy-2-fluw^D-rnannose exhibited antiviral 

1 5 activity against influenza-infectad cells by preventing the glycosylatian of viral 
membrane protein (McDowell et at, Biochemistry, 24:8145-52 (1985)). Lu et al. 
presented evidence that N-Hnked gfycosylation was necessary for hepatitis B vims 
secretion (Virology 213: 660-665 (1995)), and Block et ah showed that secretion of 
human hepatitis B virus was inhibited by the irnino sugar N-butyldeoxynojirimycin (Proa. 

20 Natl Acad. Set USA 91: 2235-39(1994); see also, W09929321). 

As described herein, any concentration range, percentage range, ratio 
range or integer range is to be understood to include the value of any integer within the 
recited range and, when appropriate, fractions thereof (such as one tenth and one 
hundredth of an integer), unless otherwise indicated. As used herein, "about" or 

25 "comprising essentially of mean ± 1 5% of the indicated value or range, unless otherwise 
indicated The use of the alternative (e.g., "or") should be understood to mean either one, 
both, or any combination thereof of the alternatives. 



Castanospehmine 

As set forth above, the present invention provides compositions having 
30 castanc^errnine, pharmaceutically acceptable salts thereof, and uses thereof. Disclosed 
herein are compositions having castanosp ermine in combination with another compound 

7 
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or molecule having anti-viral activity or castanosp ermine in combination with another 
compound or molecule that mat alters host Amotion or response, such as a compound that 
alters immune function or response, which combinations have unexpectedly high 
anti-viral activity, arid in particular high wti-FlavMridae activity, such as against HCV. 

5 Castanospermine and certain imino sugars, such as deoxynojirimycin 

(DNJ), are ER o-glucosidase inhibitors, and both potently inhibit the early stages of 
grycoprotein processing (see, e\g; Ruprechtet at,/- Acqidr. Immune Defic Syndr. 2:149- 
57 (1989); see also, *g.. Whitby et aL, AntMral Chem. Chemoiker. (15:141-51 £004); 
Bramza-NioWta et aL, J, Virol 75:3527-36 (2001); Courageot et al. J. Virol 75:564-72 

10 (2000); Choukhi et aL, J Virol 72:3851-58 (1998); WO 99729321; WO 02/089780). 
However, the effects of the inhibitors differ substantially depending on the system to 
which they are applied, and they may exhibit quite different specificities, 
castanospermine being relatively specific rot osglucosidase L 

Castanospermine is a natural alkaloid derived from the black bean or 

1 5 Moreton chestnut tree (Castanosperrmm australe) (Hohenschiitz et aL, Fhytochemistry 
20:81 1-14 (1981)). Caslanospeimine is water soluble and thus is readily isolated 
according to procedures practiced in the art (see, e.g., Alexis Platform, San Diego, CA). 
The highest concentration of the compound is found in the seeds and seed pods (Pan et 
*L f Arch Bioch&n. Biophys. 303:13444 (1993)). In addition to mMntmg (he enzymatic 

20 activity of a-glucosidase I, castanospermine also inhibits intestinal glycosidases, such as 
maltase and sucrase, which may result in undesirable side effects (Saul et aL, Proc* Natl 
Acad. Set USA 82:93-97 (1985)). Many side effects may be minimized or prevented in a 
subject receiving castanospermine by altering the subject's diet to a starch-tree, high- 
glucose diet (see, e,g.> Sard et aL, supra). 

25 Castanospermine has the following formula, 
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Systematically, this compound can be named in several ways: [lS-Oa, 6B,7o;8B,8cfi)]- 
octBlaydro-l^^S-indoU-zinetBtiDl or tlS,(lS 9 6S,7^8R,8aR>l ? 6,7,8-tetrahydroxy- 
indolizidine or 3 ,2,4,8-tetradeoxy-l ,4,8^tri3o-L-grycero-D^ The term 

caatanospennine or the first systematic name will be used herein. 
5 Pharmaceutical^ acceptable salt refers to a salt of castariospeimine or 

other compounds described herein that is pharmaceutical^ acceptable and that possesses 
the desired pharmacological (e.g., anti-viral) activity. Such salts include the following: 
(1) acid addition salts, formed with inorganic acids such as hydrochloric acid, 
hydrobrumic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with 

10 organic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentancpropionio 
acid, glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, 
maleio acid, ftimario acid, tartaric acid, citrio acid, benzoic acid, 3^4-hychxjxybeaaoyl) 
benzoic acid, cinnamic acid, mandeUc acid, mefhanesulfonic acid, ethanesulrbnic acid, 
1^-ethane-disulforric acid, 2-hydraxyetbanesulfbnic acid, benzenesulfoiiic acid, 4- 

15 chlorobcnzeriesulfoiiic acid, 2-naphthalenesulfbnic acid, 4-toluenesulfonic acid, 

camphorsulfcnic acid, 4-rne&ylbicyclo[2.2.2]-ocl>'2- i ene-l-carboxyIic acid, glucoheptonic 
add, 3-phenyIpiopionic acid, trimethylacetio acid, tertiary butylacetic acid, lauryl sulfuric 
acid, gluconic acid, glutamic acid, hydraxynaphrhoic acid, salicylic acid, stearic acid, 
muconic acid, and the like; or (2) salts formed when an acidic proton present in the parent 

20 compound either is replaced by a metal ion, an alkali metal ion, an alkaline earth ion, 
or an aluminum ion; or coordinates with an organic base such as elhanolarrrine, 
diethanolanrine, triethanolamine, N-methylglucamine, and the like. 

,A structurally pure compound refers to a compound composition in which 
a substantial percentage, e.gr., on the order of 95% to 100% and preferably ranging from 

25 about 95%, 96%, 97%, 98%, 99% or greater, of the individual molecules comprising the 
composition each contain the same number and types of atoms attached to each other in 
the same order and with the same bonds. As used herein, the term "structurally pure" is 
not intended to distinguish different geometric isomers or different optical isomers from 
one another. For example, a mixture of cis- and trans-but-2,3-ene is considered 

30 structurally pure, as is a racemic mixture. When compositions are intended to include a 
substantial percentage of a single geometric isomer or optical isomer, the terms 
"geometrically pure" and "optically or enantiomerically pure,'' respectively, are used. . 
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The term "structurally pure" is also not intended to discriminate between 
different tautomeric forms or ionization slates of a molecule, or other forms of a molecule 
that result from eqxulibrium phenomena or other reversible mtercotiversions. Thus, a 
composition of, for example, an organic acid is structurally pure even though some of the 
5 caxboxyl groups may be in a protonated state (COOH) and others maybe in a 

deprotonated state (COO"), JUtoewise, a composition comprising a mixture ofketo and 
enol tautomers, unless specifically noted otherwise, is considered structurally pure. 

Therapeutic Formulations and Methods of Usk 

As described herein, castanospermke, particularly in combination with 

1 0 another agent (compound or molecule), such as an agent that alters frtnrtune function 
and/or an agent that alters viral replication, may act synergisticaHy to inhibit viral 
infection or viral replication. In certain embodiments, the combinations described herein 
are capable of iiunbiting viral replication of a virus of the FiavMHdae family, preferably 
HCV, at clinically relevant concentrations according to statistically measurable criteria. 

1 5 Use of castanoBpermine in combination with at least one other therapeutic agent described 
herein as a treatment encompasses therapeutic application, mat is, administration of the 
combination to a subject known to be or believed to be infected with a virus of the 
Flaviviridae family, such as HCV. Also contemplated herein, is a combination of 
castano spermine with an agent; such as mterfeom-a, wherein the combination with 

20 oastanosperaiine may alter (increase or decrease, preferably increase, in a statistically 
significant manner) the effectiveness (efficacy) of raterferon-a or ribavirin for treating a 
Flaviviridae infection. 

Treatment also encompasses prophylaxis or preventative adiuinistration of 
the combinations described herein. Effective treatment of a Flaviviridae infection may 

25 include a cure of the infection (ie.. eradication of the vims from the host or host tissue); a 
sustained response ha which, for example, HCV SNA is not longer detectable in the blood 
of the subject six months after completing a therapeutic regimen (such a sustained 
response may be equated with a favorable prognosis and may be equivalent to a cure); 
slowing or reducing liver scarring (fibrosis); slowing or reducing the production of virus; 

30 reducing, alleviating, or abrogating symptoms in a subject; or preventing symptoms or 
infection from worsening or progressing. 
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Urns, the compositions described herein may be used far accomplishing at 
least one of the following goals: (1) elimination of infectivity and potential transmission 
ofzFlaviviridae infection, such as an HCV infection, to another subject; (2) arresting the 
progression of liver disease and improving clinical prognosis; (3) preventing development 
5 of cirrhosis and HCQ and (4) improving me clinical benefit of currently used therapeutic 
molecules or modalities. To date, a therapeutic agent that adequately treats or prevents an 
HCV infection and any associated disease without severe side-effects has remained 
elusive. 

The therapy or prophylaxis is preferably the treatment or prevention of an 

10 infection by a virus as defined above. In particular, the therapy or prophylaxis may be fhe 
treatment or prevention of a disease selected from hepatitis C, yellow fever, dengue fever, 
Japanese encephaUtis, Murray Valley encephalitis, Rocio vims infection. West Nile fever, 
St. Louis encephalitis, tick-borne encephalitis, Louping ill virus infection, Powassan virus 
infection, Omsk hemorrhagic fever, Kyasanur forest disease, bovine diarrhea, classical 

1 5 swine fever, border disease, and hog cholera. A viral infection* such as a Flcrvtviridae 
infection an HCV infection), refers to any state or condition that involves (*.£, is 
caused, exacerbated, or characterized by) a flavivirus residing in the cells or body of fhe 
subject or patient A patient or subject may be a human, a non-human primate, sheep, 
cattle, horse, pig, dog, cat, rat, mouse, ox other mammal. 

20 HCV is difficult to propagate efficiently in cell culture, thus rendering 

analysis and identification of potential anti-HCV agents difficult In the absence of a 
suitable cell culture System capable of supporting replication of human HCV and 
re-infection of cells in vitro, us© of another member of me MavivtHdae femily, bovine 
viral diarrhea virus (BVDV) is an art-accepted surrogate virus for use in cell culture 

25 models (Stnyver et al., Afitimicrob, Agents Chemother. 47:244-54 (2003); Whitby et aL, 
supra). HCV and BVDV share a significant degree of local protein homology, a common 
replication strategy, and probably fhe same subcellular location for viral envelopment 
Both HCV and BVDV have smgle^stranded genomes (approximately 9,600 and 12,6000 
nucleotides, respectively) mat encode nine functionally analogous gene products, 

30 mcluding fhe El and E2 envelope ^ycoproteins {see, e.&, Rice, Flavivirldae: The 

Viruses and Their Replication, in Fields Virology, 3rd Ed. Philadelphia, Iippincott; 93 1- 
59(1996)). 
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The compounds described heroin may also be useful research tools for in 
•vitro and cell-based assays to study the biological mechanisms of viral infection, growth, 
and replication, preferably for HC V. By way of background and not wishing to be bound 
by theory, HCV morphogenesis is complex wherein preassembled viral core particles are 

5 believed to attach to cytosolic aides of viral envelope (surface) pwrteins, which have 
inserted in the endoplasmic reti<mlum (ER) membrane. After acquiring envelopes, 
. virions bud to the lumen of the ER and then are transported through the Golgi apparatus 
to the extracellular fluids. Removal of N-linked glucose residues (trimming is done by 
cellular enzymes, such as oj-glucosidases) from immature viral glycoproteins may play a 

10 role in the migration of viral glycoproteins from the ER to the Golgi. 

In one embodiment, a method is provided for iitentifying anti-viral 
compounds, comprising contacting a host cefl infected with a virus with castanospexxmne 
and one other test compound or agent under conditions and for a time sufficient to inhibit 
viral replication, and identifying a candidate agent that inhibits (prevents, slows* 

15 abrogates, interferes with) infection, viral replication, and/or viral assembly. In certain 
embodiments, the methods described herein may be used to identity a test compound that 
ads additively or synergistically when combined with casranosperrriine. In another 
embodiment, a method is provided for identifying cells suspected of having a viral 
infection, comprising contacting a host cell suspected of being infected with a virus with 

20 castanospermine and one candidate compound ox agent under conditions and for a time 
sufficient to inhibit infection, viral replication, and/or viral assembly, and identifying cells 
inf^tedwim a virus. Preferably, the viral hrfecrion is caused by or associated with HCV, 
The assays described herein may be used to determine the therapeutic value of a 
candidate compound and/or combination and also may be useful for determining dosage 

25 parameters that would be useful in treating a subject in need thereof. 

In particular embodiments, castanospermine is administered in association 
or in combination (ag., in an admixture or co-packaged or adminifftered in such a manner 
that castanosperrnine and the one other compound are available srystermcatry or at the she 
of infection, such that the anti-viral effects of each may be additive or preferably 

30 synergistic) when combined with an adjunctive therapeutic, m one preferred 

embodiment, castanosperrnine is combined with an agent that alters i mmune function, 
such as interferon-a , and in another preferred embodiment, castanosperrnine is combined 
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with an agent that alters viral (e.g., Bctvtviridae) replication, for example, a nucleoside 
analogs such as ribavirin (Sigma). In another embodiment^ castanospennine is combined 
or administered in association with an agent that alters an immune function, such as 
interferon-^ or an agent (compound) mat alters viral replication, such as ribavirin. 
5 * In one embodiment, the combination of castanospermme and an agent mat 

alters immune function or the combination of castano spermine and an agent that alters 
viral replication act additively in the subject That is, the interaction of castanospennine 
and another compound result in a therapeutic effect (or anti-viral effect) mat is 
approximately equal to the effect of each compound or agent if it were administered 
10 alone. 

A compound or molecule that has anti-viral activity may, for example, 
inhibit or prevent infection of a cell (such as by preventing binding or adherence of the 
virus to a cell); inhibit, reduce, or prevent viral replication or assembly; inhibit, reduce, or 
prevent release of viral KNA from the viral capsid; and/or inhibit reduce, or interfere 

IS with the function of a HCV gene product A compound or molecule mat alters immune 
function (increases or decreases in a* statistically significant manner or a clinically 
significant manner) preferably increases or enhances an immune function or immune 
response against me infections virus. 

In a preferred embodiment, the combination of castanospennine and an 

20 agent mat altars immune function or the combination of castanospennine and an agent 
that alters viral replication act synergistioally in the subject Two or more compounds 
that act synergistioally interact such that the combined effect of the compounds is greater 
than the sum of the individual effects of each compound when administered alone (see, 
e.g., Ouzounov et aL, Antivir. Res. 55:425-35 (2002); Bexenbaum, Pharmacol Rev. 41:93 

25 (1 989)). An interaction between castanospermina and another agent or compound may be 
analyzed by a variety of mechanistic and empirical models (see, e.g. t Ouzounov et aL, 
supra). A commonly used approach for analyzing interaction "between a combination of 
agents employs the construction of isoboles (iso-effect curves), in which the combination 
of agents (6^ A) is respresented by a point on a graph, the axes of which are the dose-axes 

30 of the individual agents (see, e.g., Ouzounov et aL, supra; MacSynergy™ II software 

manual (Umvertity of Michigan, Ann Arbor, MI). Castanospennine in combination with 
an agent that alters immune function or castanospennine in combination with an agent 
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that alters viral replication or another agent or compound described herein act 
synergisticalry or have a synergistic effect when the volume of synergy produced as 
calculated by the volume of the synergy peaks is 15% greater than the additive effect (that 
is, the effect of each agent alone added together), or that is 2-fold greater than the additive 
5 effect, or that is 3- or more fold greater than the additive effect Synergy may he 
described using the 3 -dimensional (3-D) graphs and synergistic volume calculations 
provided by the MacSynergy™ n software as a complementary analysis to iaobolograms. 
Accordingly, castanospermine in combination with an agent that alters immune function 
or castanospertnine in combination with an agent that alters viral repHcatbn, or another 

10 agent ox compound described herein, act synergisncally or have a synergistic effect when 
values expressed in uM/ml 2 % or ^(^^^(well) 2 ^ are between 25 and 50 /zM/rnl 2 % 
or 25 and 50 j«M(IU)/ml(well) 2 % (minor but statistically significant); between 50 and 100 
pMftnl 2 % or pMt^rnlCweU)^ (moderate synergy); or greater than 100 /jM/ml 2 % or 
pMCIUymlCwelljVo (strong synergy). Buckwold et al. reported that ribavirin and 

1 5 interferon- a in combination (which drug combination is the current standard of care for 
treating HCV infections) had a synergy volume of 66 ± 25 IU0zg)/ml(weI]) 2 % 
(Anttmicrob. Agents Chemother. 47:2293 (2003)). A combination of rastanospexmine 
and mterfcron-o: as described herein had a synergy volume ranging from 193 to 244 

20 In certain embodiments, mere is provided a composition comprising 

castanospermine in combination with a compound that inhibits the binding to and/or 
infection of cells by Flavivitidae, such as HCV. Examples of such compounds include 
antibodies that specifically bind to one or more MavMridae gene products (e.g., HCV El 
and/ox E2 proteins) or to a cell receptor to which the HCV binds. The antibody may be a 

25 monoclonal or polyclonal antibody, or antigen binding fragments thereof including 

genetically engineered chimeric, humanized, sFv, or other such immunoglobulins . Other 
compounds that prevent binding or infection of cells hy a virus include 
glucosaminoglyoans (such as heparan sulfate and suramin). 

C^atanospeimine may also be combined with a compound that inhibits the 

30 release of viral KNA from the viral capsid or inhibits the function of Flaviviridaa, such as 
HCV, gene products, including inhibitors of the IRES, serine protease inhibitors, helicase 
inhibitors, and inhibitors of viral polymerase/replicase (see, e.g., Olsen et al., Aniimicrob. 
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Agents CkemotJier. 48:3944-53 (2004); Stansfield et al., Bioorg. Med. Cheni. Lett. 
14:5085-88 (2004)). Inhibitors of IRBS include, for example, nucleotide sequence 
specific antisense {see, e.g mt McCaffrey et al. 9 Hepatology 38:503-508 (2003)); small 
yeast RNA (see, e.g. t Liang e/a? 0 World J. Gastroenterol 9:1008-13 (2003)); or short 
5 interfering RNA molecules (siRNfA) mat inhibit translation ofmRNA; and 

cyanc^obalamm^NCbl, vitmmB12)CTal^tf^., J. A/o/. Aa/. 319:1-8(2002)). NS3 
protease (helicase) inhibitors include peptides mat axe derived from NS3 substrates and 
act to block enzyme activity. Protease inhibitors designated BILN 2061 (see, 
Lamarre et a!., Nature 426:186-89 (2003) (Boehringer rngelheim Pharma, Quebec) and 

10 VX-905 (V ertex Pharmaceuticals, Inc. Cambridge, MA) have been investigated as 
potential HCV therapeutics. 

hi another embodiment, castanospermine may be combined with a 
compound that perturbs cellular functions involved in or influencing Flavfviridae 
replication, or that directly alters Ftavrviridae replication, including mhibitors of 

15 RNA-dependont RNA polymerase or inhibitors of HCV p7 (e.g. t DQJ and derivatives), 
other inhibitors of glycoprotein processing (such as imino sugars, including 
deoxygalactc^jirimycin (DQJ) and deqxynojrrimycin (DNJ), and derivalives thereof 
(e.g. , JSf-butyl-DNJ, N-nonyl-DNJ, and long alkyl chain frm™ sugars such as N7- 
oxanonyl-DNJ, ^-oxanonyl-DGJ)). nucleoside analogues including irihibitors of incline 

20 monophosphate dehydrogenase (e.g. , nTjavirin, mycophenolic acid, and VX497), and 
other antiviral compounds such as amantadine, (Symmetrel®, Endo Phaiamceuticals), 
rimfmtRdine (Rumadine®, Forest Pharmaceuticals, Jnc,), valopicitabine (NM283, Idenix 
Pharmaceuticals). 

In another embodiment, castanospermine may be combined with a 

25 compound that acts to alter immune fimctian (increase or decrease in a statistically 
significant, clinically significant, or biologically significant manner), preferably to 
enhance or stimulate an immune function or an immune response against a Flaviviridae 
infection. For example, a compound may stimulate a T cell response or enhance a 
specific immune response (&g, thymosin-^, and interferons such as ct-mterferons and p- 

30 interferons) or may stimulate or enhance a humoral response. Examples of compounds 
that alter an immune function include type I mterfcions, such as interferon-a (see, e.g„ 
Nagata etal. 9 Nature 287:401-408 (1980)), mterferoxt-P (see, e.g, Tanigushi et al., Nature 
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285:547-49 (1980)), and interferons (Adolf; /. Gen. Virol. 68:1669-76 (1987)), and type 
II interferons, such as interferon^ (Bete^ 1995) and interferon^-lb 

(Alfcron). Example of interferon- a. include interferorKX-2a (Roferon®-A; Hofrman-La 
Roche), interferon-a-2b (Intron A^PBL Biomedical), interfeion-a-con-1 (Infergen), 
5 interferon-a-n3 (Alfeion), albumin interferon-or (Albufeton-alpha™, Human Genome 
Sciences, Rockville, MD) and Veldona (AmariHo Biosciences, lac.). Examples of 
interferon- p include interferon-P-la (Avonex) and interferon-P-lb (Betaeeron). 

Interferons may alter immune function and also may alter (inhibit, prevent, 
abrogate, reduce, or slow) replication of a -virus, such as HC V. The production of 

10 interferon- or Bud interfertm-P in virally infected cells induces resistance to viral 
replication, enhances MHC class I expression, increases antigen presentation* and 
activates natural killer cells (subset of lymphocytes that lack antigen-specific surface 
receptors) to kill virus-infected cells (see, e.g, Janeway et al., mlmmunobiology, 5th ed 
New York, London: Garland Publishing, (2001)). Thus, these interferons alter immune 

15 function by affecting both innate and adaptive irnmunity- 

In one embodiment, castarwspermme is administered in combination with 
the interferon, such as mtexfbron-O!. lnterferon-o: has been used in the treatment of a 
variety of viral infections, either as a monotherapy or as part of a continuation therapy 
(see, eg, Liang, New Engl J. Med 339:1549-50 (1998); Hulton et al., /. Acquir. Immune 

20 DeficSyndr. 5:1084-90 (1992); Johnson et al, J. Infect Dis. 161:1059-67(1990)). 
toterferon-abmds to cell surface receptors and stimulates signal transduction pathways 
that lead to activation of cellular enzymes (e.£, double-stranded RNA-activated protein 
kinase and KNase L that inhibit translation initiation and degrade viral SNA, 
resr^ctively) that repress virus replication (see, &g., Samuel, Clin. Microbiol Rev. 

25 14:778-809 (2001); Kaufman, Proc. Natl Acad. Set USA 96:11693-95 (1999)). HCV B2 
glycoprotein and NS5a may block RNA-activated protein kinase activity such that some 
HCV strains arc more resistant to interferon-05 thus, combination therapies of mterferon-a 
and one or more other compounds may be necessary for treatment of persistent viral 
infection (see, e.g., Ouzounov et al,, supra, and references tnted therein). In a certain 

30 embodiment, a polyethylene glycol moiety is linked to mterferon-a (known as pegylated 
interferon-A; peghrterferOn 0>2b (Peg-Mron®; Schering-Plough orPBL Biomedical) and 
pegmterferon os-2a (Pegasys®; Hoflmann-La Roche), which may have an improved 
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pharmacokinetic profile and may also manifest fewer undesirable side effects (see, e.g„ 
Zeuzem et al., New Engl J. Med. 343:1666-72 (2000); Heathoote et al, New Engl, X 
Med. 343:1673-80 (2000); Matthews et aL a Clin. Tker. 26:991-1025 (2004)). 

Interfexxm-tt-2a (Roferan®-A; Hofrman-La Roche), Latcrfcron-a-2b 
5 (Intron®-A; Scherrng-Flougo), and interferon-ocorji-l (Iixfergen®; Intermniie) are 

approved for use as single agents m the U.S. for treatment of adults with chronic hepatitis 
C infection. The recommended dose of mterfeions-Oi-2b and -o>2a for the treatment of 
chronic hepatitis C infection is 3,000,000 units three times a weefc^ and admmistered by 
subcutaneous or intramuscular injection. Treatment is administered for six months to two 

10 years. For mlBrferon-<*con-l, the recommended dose is 9 jig three times a week for first 
time treatment and 15 fig three times a week for another six months for patients who do 
not respond or relapse. During the treatment periods with any of these recombinant 
interferons, the patient must be monitored fox side effects, which include flu-like 
symptoms, depression, rashes, and abnormal blood counts. Treatment with interferon 

15 alone leads to a sustained response in less than 15% of subjects. Because of this low 
response rate, these interferons are rarely used as a monotherapy for the treatment of 
patients with chronic hepatitis C infection. 

The combination of an interferon-ce with ribavirin for treating an HCV 
infection has been superior to either treatment alone, and the combination is the current 

20 standard of care. The effectiveness, doses, and frequency of adtaunistxatibn were studied 
in three large double-blind, placebo^xjrmTjUed chmcal trials (Reichard et a/., lancet 
35 1:83-87 (1998); Poynard et al. p Lancet 352:1426-32 (199&); McHutemson et at* New 
Engl. J. Med. 339:1485-92 (1998)). (See also Bucfcwold et aL 7 Antinucrob. Agents 
' Chemother. 47:2293-93 (2003); Buckhold, AnUmicrob. Chemother. 53:412-14 (2004)). 

25 Adverse effects associated with ribavirin include abnormal fetal development. Ribavirin 
- is also contrarndicated in patients who have anemia, heart disease, or kidney disease. 
Therefore, alternative compositions, therapies, and therapeutic combinations such as 
those described herein are needed. 

Castanospennine may also be combined with a compound that modulates 

30 (preferably decreases or reduces the severity or intensity of, reduces the number of; ox 
abrogates) the symptoms and effects of a Flavxviridae infection, such as an HCV 
infection (&£», antioxidants such as the flavinoids). 
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The adjunctive therapeutic may comprise an anti-viral compound, for 
example, an anti-viral compound or drug that is used far treatment of an infectious agent 
frequently identified as co-infecting a subject who is infected with aFIaviviridae, such as 
HCV.. Such co-infection may be caused by HBV, a human retrovirus such as HIV1 and 
5 2, and/or human T-cell lymphottophic virus (KtTLV) type 1 or type 2, Examples of anti- 
viral compounds include nucleotide reverse transcriptase (RT) inhibitors (e.g., 
Lamivudine (3TC), zidovudine, stavudine, didanosine, adefovir dipivoxil, and abacavir); 
non-nucleoside RT inhibitors (e.g., nevii&pine); and asp arty 1 protease inhibitors 
saquinavir^ indinavir, and ritonavir). 
* 10 The adjunctive therapeutics discussed herein may be administered 

concurrently as a single composition in a pharmaceutical acceptable carrier, or 
concurrently as separate compositions each having a pharmaceutical^ acceptable carrier. 
In another embodiment, the castanospermine and adjunctive therapeutic can be 
sequentially administered, or in any combination thereof (e.g., castanospezmine fist and 

1 5 adjunctive therapy second, or adjunctive therapy first and oastanospermine second). 

Furthermore, if mote than one dose of the combination therapy is adnnnistered, the order 
of the sequential administration can be changed or kept the same at each time point of 
admimstratiorL Methods for determining the effects of any combination therapy 
described herein may be determined by methods described herein and routinely practiced 

20 by a skilled artisan, such as determining whether an immune response has been altered, 
determining whether symptoms or effects of a Flavtviridae infection have been 
modulated, or detennining whether Flavtviridae replication has been altered (preferably 
adversely affected, prevented, decreased* inhibited or abrogated viral replication). 

As described herein, BVDV is an art-accepted surrogate virus for use in 

25 cell culture models (Stuyver et ah, supra; Whitby et a!. s supra). Assays may therefore be 
performed using bovine cell lines, such as bovine kidney cells (MDBK) and bovine 
turbinate (BT) cbIIs, using a cytopamic attain of BVDV such as the NADL strain 
(available from ATCC, Manassas, VA) that causes cytolysis of infected cells. Exemplary 
assays that may be performed to determine whether castanospermine alone or in 

30 combination with another compound, agent, or molecule may be useful for treating a 
Flavtviridae infection or inhibiting or preventing a Flavtviridae infection include viral 
plaque formation assays, cytotoxicity assays (see, e.g>, Buckwold et al^ Anttmicroh 
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Agents Chemother. 47:2293-9S (2003); Whitby et aL, svpra\ virus release assays, cell 
proliferation assays (e.g„ nonra<noaotive MTS/PMS or MTT assays, or radio active 
thymidine incorporation assays), and other assays described herein and known and 
practiced by persons skilled in the art. Hie data from these assays when castoosperrnine 
5 are analyzed in combination with another compound, such as data obtained from the 
cytotoxicity assay, may be analyzed as described herein to determine whether the agents 
interact to provide an additive effect or a synergistic effect. 

The invention also relates to pharmaceutical compositions that contain 
castanospennine in combination with another compound used to treat or prevent a viral 

1 0 infection (e.g. 9 HCV). The invention further relates to methods for treating or patenting 
viral infections by administering to a subject oastanospermine in combination with one 
other compound) wherein each component is administered at a dose sufficient to treat or 
prevent a viral infection, as described herein* Hie castano^emiine and combinations or 
cocktails of such compounds, are preferably part of a pharmaceutical composition when 

15 . used in the methods described herein. Castanospermme may be administered in 

combination with another compound described herein by administering each compound 
sequentially tQ a subj e ct, that is, castanospennine may be administered prior to 
administration of another compound, after administration of another compound; 
alternatively castanosp ermine may be administered concurrently with another compound. 

20 Por sequential or concurrent administration of each compound (molecule, agent) of a 
combination described herein, each compound may be administered by the same or 
different routes in the same or different formulations, which are described herein and 
determined, in part, according to the properties of the compounds. 

In one embodiment, the invention comprises a pharmaceutical composition 

25 comprising castanospermme as described herein (or a pharmaceutical salt thereof) and a 
pharmaceutical^ acceptable carrier, vehicle, or excrpient, and optional additives (ag,, 
one or more binders, colorings, desic cants, stabilizers, diluents, or preservatives) for use 
in the methods of treatment described herein. Similarly, an adjunctive therapy, such as 
interferon-a or ribavirin, may be combined with, a pharmaceutically acceptable carrier, 

30 vehicle, or excipient, and optional additives. Pharmaceutical compositions comprising 
interreron-a or ribavirin maybe prepared according to methods known and practiced in 
the art for preparing these compounds tor administration to a subject 
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As set forth herein, castanospermine and one mote adjunctive therapeutic 
compound or molecule may be included in a pbarmaceutieally acceptable carrier, 
exripieni, or diluent for administration, to a subject in need thereof in an amount effective 
to treat or prevent a Flaviviridae infection, particularly, an HCV infection. In certain 
5 embodiments, a dose of the active ccmpound(s) for all indications described herein is 
admnistered in a range from about 0.01 mg/feg to about 300 mg/kg per day, prjeferably 
about 0.1 mg/kg to about 100 mg/kg per day, or more preferably about 0.5 mg/kg to about 
25 mg/kg body weight of the recipient per day. A topically administered dosage can 
range from about 0.01-3% wt/wt in a suitable carrier. Intcrferon-ft or ribavirin when 

10 administered in combination with castHnosperrnine may be ad^nmistBred according to 
dosing regimens known and practiced in the art {see, e.g. t Matthews et al. y supra; Foster, 
Semtn. Ltver Dis. 24 Suppl 2:97-104 (2004); Craxi et a/-> Semin Liver Dis. 23 Suppl 
1:35-46 (2003)), or the dosing may be adjusted when administered with castanospermine. 
The active ingredient(s) axe preferably administered to achieve peak 

15 plasma concentrations of about 0X01 uM to about 30 uM, and preferably about 0.01 jiM 
to about 10 uM. This maybe achieved, for example, by intravenous injection of a 
composition of a formulation of castanospermine, optionally in saline or other aqueous 
medium. In another embodiment, castanospermine is administered as a bolus. 
Castanospermine and other compounds used m the methods of treatment described herein 

20 may be administered orally, or inlimniiflcularly, mteperitoneally, subcutaneously, 

transdermally, via an aerosol or by inhalation, rectaHy, vaginally, or topically (mclnding 
buccal and sublingual adnmnstration). 

The concentration of an active compound in a pharmaceutical composition 
will depend on absorption, distribution, inaotivation, and excretion rates of the compound, 

25 as well as other factors known to those of skill in the art. The dose will also vary with the 
severity of the condition to be alleviated. Specific dose regimens (including frequency of 
dose administration) may be adjusted over time according to the individual subject's need 
and the professional judgment of the person administering or supervising the 
adrninistration of the compositions. The dose level and regimen will depend on a variety 

30 of factors, including the age, body weight, diet, gender, general health, and medical 

history (including whether the subject is co-infected with another virus, such as HBV or 
HIV). Accordingly, the concentration ranges set forth herein are exemplary only and are 
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not iiit^ed to limk the scope or practice gf die claimed compositioiis. The active 
ingredient may be administered at once, or may be divided into a number of smaller doses 
to be administered at varying intervals of time. 

The compositions for pharmaceutical use as described herein may be in the 
5 form of a kit of pans. The kit may comprise, for example, castanospermine, as one 
component of the composition in unit dosage form, and may also comprise an agent that 
alters immune function (e.g., interferon-**) or an agent that alters viral replication (such as ' 
ribavirin), each in the respective dosage unit form. The kit may include instructions for. 
use and other relevant information, as well as information required by a regulatory 
10 agency. 

Oral compositions will generally include an inert diluent of an edible 
carrier. They may be enclosed in gelatin capsules or compressed into tablets. For the 
purpose of oral therapeutic administration, the active compound can be incorporated with 
exefpients and used in the form of tablets, troches, or capsules. Pharmaceutically 

15 compatible binding agents, and/or adjuvant materials can be included as part of the 
composition. The tablets, pills, capsules, troches and the like can contain any of the 
following ingredients, or compounds of a similar nature: a binder such as microciystalline 
cellulose, gum Iragacanrn or gelatin; an excipient such as starch or lactose; a dispersing 
agent such as alginic acid, Primogel, or corn starch; a lubricant such as magnes ium 

20 stoarate or Sterores; a glidant such as colloidal silicon dioxide; a sweetening agent such as 
sucrose or saccharin; or a flavoring agent such as peppermint, methyl salicylate, or orange 
flavoring. When the dosage unit form is a capsule, it can contain, in addition to material 
of the above type, a liquid carrier such as a fatty oiL la addition, dosage unit forms can 
contain various other materials that modify the physical form of the dosage unit for 

25 example, coatings of sugar, shellac, or enteric agents. See generally "Remington's 
Pharmaceutical Sciences," Mack Pubhshing Co., Eastern, PA. 

The active compound or pharmaceutically acceptable salt ox derivative 
thereof can be administered as a component of an elixir, suspension, syrup, wafer, 
chewing gum oc the like. A syrup may contain, in addition to the active compounds, 

30 sucrose as a sweetening agent and certain preservatives, dyes and colorings, and flavors. 

The pharmaceutical composition described herein will preferably include 
at least one of a pharmaceutical acceptable vehicle, carrier, dihient, or excipient, in 
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addition to castanospennine, and other components or active ingredients (such as other 
anti-BBV drag), including agents that alter viral replication or alter an immune function 
or response, and/or an agent that is an anii-Hepadnaviridae (e.g., anti-HBV), which are 
described in detail herein. A composition of the invention may have a variety of active 
5 ingredients, such as castanospenmne or pharmaceutical!/ acceptable salt thereof; or a 
cocktail or combination of with one or more antibiotics, antrfiiTigalg t anti-inflammatory 
agents, or other anti-viral compound 

Pharm aceutic ally acceptable carriers suitable for use with a composition 
may include, for example, a thickening agent, a buffering agent, a solvent,, a humectant, a 

10 preservative, a Chelating agent, an adjuvant, and the like, and combinations thereof. 
PharmacenticaUy acceptable carriers for therapeutic nse are well known in me 
pharmaceutical art, and as described herein and, for example, in Remington's 
Pharmaceutical Sciences, Mack Publishing Co. (A.R. Gennaro, e<L, 18* Edition, 1990) 
and in CRC Handbook of Food, Drug, and Cosmetic Exciptents, CRC Press LLC (S.C. 

15 Smolinski, ed^ 1992). 

Solutions or suspensions used tor parenteral, intradermal, subcutaneous, or 
topical application can include the following components: a sterile diluent such as water 
for mjection, saline solution, fixed oils, polyethylene glycols, glycerin, propylene glycol 
or other synthetic solvents; anti-bacterial agents such as bercyl alcohol or methyl 

20 parabens; antioxidants such as ascorbic acid or sodium bisulfite; chelating agents such as 
ethyleneddamrnetetrnaoetic acid; buffers such as acetates, citrates or phosphates and 
agents for the adjustment of tonicity such as sodium chloride or dextrose. The parenteral 
preparation can be enclosed in ampoules, disposable syringes, or multiple dose vials made 
of glass or plastic If adrninistered intravenously, preferred carriers are physiological 

25 saline or phosphate buffered saline (PBS) or an adjuvant Exemplary adjuvants are alum 
(alurnhxnm hydroxide, EEHYDRAGEL®); aluminum phosphate; virosornes, liposomes 
with and without lipid A, Detox (Ribi/Corixa); MF59; ox other o3 and water emulsions 
type adjuvants, such as nanoernulsions (see, e,g. t U.S. PatentNo. 5,716,637) and 
submicron emulsions (see, &g. 9 U.S. PatentNo. 5,961,970), andFreund's complete and 

30 incomplete. In preferred embodiments, a pharmaceutical composition is sterile. 

In certain embodiments, the active compounds are prepared with carriers 
that will protect the compound against rapid elimination from the body, such as a 
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controlled release formulation, incmding implants and microeacapsulffted delivery 
svstems. Biodegradable, biocompatible polymers can be used, such as ethylene vinyl 
acetate, poly anhydrides, polyglycolic acid, collagen, polyoxthoesters, and polylactic acid. 
Methods for preparation of such formulations wfll be apparent to those skilled in the art. 
5 For example, as is known in the ait, some of these materials can be obtained 

commercially from Alza Corporation (CA) and Gilford Pharmaceuticals (Baltimore,, 
MD). 

Liposomal suspensions may also be phaimac eutioally acceptable carriers. 
These may be prepared according to methods known to those skilled in the art (for 

10 example, U.S. Patent No. 4,522,8U; U.S. PatentNo. 6,320,017; U.S. Patent No. 
5,595,756). For examples, liposome tcnaxulations may be prepared by dissolving 
appropriate lipid(8) (such as stearoyl phosphatidyl ethanolamine, steaxoyl 
phosphatidyicholine, araohadoyl phosphatidylcholine, and cholesterol) in an inorganic 
solvent that is then evaporated, leaving behind a thin film of dried lipid on the surface of 

15 the container. An aqueous solution of the active compound or its monophosphate, 

diphosphate, and/or triphosphate derivatives are then introduced into the container. The 
container is then swirled by hand to free lipid material from the sides of the container and 
to disperse lipid aggregates, thereby forming the liposomal suspension. Hydrophihc 
compounds, such as castanospermine, may likely be loaded into the aqueous interior of a 

20 liposome. 

All U.S. patents, U.S. patent application publications, U.S. patent 
applications, foreign patents, foreign patent applications, and non-patent publications 
referred to in this specification, are mccrpotated herein by reference, in their entirety. 
The following examples are intended to illustrate, but not limit, the invention. 

25 
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EXAMPLES 
EXAMPLE 1 

Protection of MDBK Cells from BVDV-Inducbd Cytotoxicity 

BY CASTANOSPHRMINB, INTERFER0N-O2B AND RlBAVllUK 

5 Cell proliferation assays were performed using a non-radioactive cell 

proliferation MTS/PMS assay (MTS: 3^4,5-cmuetirylth^^ 

phenyl)-2-(4-sulfoplienyl)-2H-tetrazolium (Promega Corporation, Madison, WT); PMS: 
phenazine methosul&te (Sigtna Aldrich, St Louis, MO)). MDBK cells were seeded into 
96-well plates at a density of approximately 2 x 1 0 4 cells per welL The cultures were 

1 0 incubated 3-24 hours to permit attachment of the cells to the plates prior to infection and 
addition of compounds. The appropriate number ofPFU of BVX>V were added to each 
well to achieve the desired MOI (0.1 or 0.01); the cells were exposed to the virus diluted 
at the appropriate concentration in phosphate buffered saline (PBS) containing 1 % horse 
serum fori to 2 hours. The vims inoculum was then removed and the cells were washed 

15 with PBS containing 1% HS. The test compounds, castanospermme, riba\Trm, and 
intexferon-a were dissolved in cell growth media with 2% HS and added to the cells at 
varying concentrations, and then incubated at 37*C in the presence of 5% CO* for 3-4 
days. Uninfected cells and infected, untreated cells (i.e. , without compound) were used as 
additional controls. After the 3 -4 days of incubation, a combined MTS/PMS solution was 

20 added into each well assay plate containing 100 ftL of cells in culture medium to obtain 
final concentrations of 333 jig/ml MTS and 25 uM PMS. A spectrophotometer plate 
reader was used to measure the absorbance at 490 run after incubation of the 96-well plate 
for 1 to 4 hours at 37 P C in a humidified, 5% CQz atmosphere. The mean absorbaoce in 
each set of triplicate wells was determined. Antiviral activity was measured as MTS 

25 conversion relative to the differential between the conversion for cell (non-infected) and 
viral (non-drug-treated) controls. The cytopathic effect (CPE) reduction for each 
concentration of the tested compound, which correlated with antiviral activity, was 
calculated as follows. % CPE reduction ** [(B-NT))/(NT-ND)] x 100, in which 
D (drug-treated) is the absorbance of drug-treated cells; ND (non drag-treated) is the 
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absorbance of untreated infected cells; and NE (non-infected) is the absorbance of 
non-infected cells. Hie data are presented in Table 1 . 

Table 1. Protection of MDBK Cells from BVDV-Induced Cytotoxicity 





MOI~0.01 


MOI = 0J 




Compound 


EC50 


EC50 


CCsa 


Castanospeimino 


61.5 ± 15.4 fM 


177 ± 14.5 pM. 


>1000 uM 


Interferon- a2b 


19.4±6IU/well 


96.5±22IU/well 


>300IU/well 


Ribavirin 


4A±2JM 


9±1mM 


57 + 34 nM 



*IU interferon units 



5 The EQo represents the concentration of the drug that protects 50% of the 

cells from BVDV induced cytotoxicity (L& t 50% CPE reduction). CC50 equals the 
concentration that affects the viability of 50% of the MDBK cells. These results indicate 
that each of the tested compounds have an anti-viral effect, which may be direct or 
indirect Examples 2 and 3 disclose that the anti-viral effect is actually due to a direct 
10 effect on the virus. 

.' 

EXAMPLE 2 

In Vitro Inhibition of BVDV Release from MDBK Cells 

BY CASTANOSPERMTNE, INT£AFERON-o2B AND RIBAVIRIN 

Madni-Darby Bovine Kidney Cells (MDBK) (American Type Culture 
15 Collection (ATCC), Manassas, VA; ATCC CCL22) were seeded into 96-well plates at a 
density of approximately 2 x 10 4 cells per well in growth medium (e.g., Dulbeabo's 
Modified Eagles Medium (DMEM); Gibco, Ontario, Canada) containing 2% heat 
inactivated horse serum (HS). The cell cultures were incubated 3-24 hours to allow 
attachment of the cells to the tissue culture plates prior to infection and addition of 
20 compounds. The appropriate number of plaque forming units (PFU) of BVDV strain 
NADL (ATCC VR-534) diluted in sterile PBS containing X% HS were added to each well 
to achieve the desired nnutiplicity of infection (MOI) (about 0.01). The cells were 
exposed to the virus at 37*C, 5% COa for 1 -5 horns, and then washed with PBS. The test 
compounds, dissolved in cell growth media with 2% HS, were then added to the cells at 
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varying concentrations* The plates were incubated at 37°C, 5% COz for 24 hours (one 
cycle of BVDV replication). The 9<S-well plates were then cenirifuged at low speed to 
pellet the cells. The supernatant was serially diluted and used to infect a new monolayer 
of cells in 12-well plates. The cell monolayer was then overlaid with 0.5% agarose 

5 dissolved in cell growth media with 5% HS containing (1) castauospermine (Phytex, 
Australia); (2) nTjavirio. (^avirm, Sigma); (3) IFN-oEb (PBL Biomedical laboratories, 
Piscataway, NJ); or (4) alone , no added test compound). The treated cells were 
incubated for 3 to 5 days at 37°C under 5% CQ2, fixed -with formaldehyde, stained with 
crystal violet or methylene blue, washed in double distilled water, and finally air dried at 

10 room temperature. Virus plaques formed were quantified by manual counting, and liter 
was determined. The data are presented in Table 2. 



Table 2. Inhibition of Viral Release 



Compound 


EQ0 


EQ)0 


Castemosp ermine 


14 + 8/aM 


83±21pM 


Inteiferon-aZb 


0.4IU/well* 


M±0-4IU/weU* 


Ribavirin 


2,4±2.2oM 


4.9±1.9/iM 



*IU = interferon units 



The EC50 is the concentration of compound that inhibits 50% of viral 
15 release in the media of infected cells compared to the untreated control. These results 
support the data found in Example 1 and further demonstrate "float each of the tested 
compounds have direct anti-viral effect, which indicates that HCV would also be directly 
inhibited by castanosperminGj interferon and ribavirin. 

EXAMPLE 3 

20 Plaque Inhibition Assay 

The BVDV virus stock was serially diluted hi phosphate buffered saline 
(PBS) containing 1-5% horse serum (HS). MDBK cells were grown to confluence in 
culture dishes and were infected at 37 °C with BVDV at various mulhplicity of infeotion 
(<1 to >0.O01). After 1.5 hours of adsorption, the inoculum was removed. The cell 
25 monolayer was overlaid with 0.5% agarose dissolved in cell growth media containing 5% 
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HS with and without test compound® (castauospcrmiue, ribavirin, or IFN-d). Hie dishes 
•were incubated for 3 to 5 days at 37 P C under 5% COz. The monolayer of MDBK cells 
was fixed with formaldehyde, stained with crystal violet or methylene blue according to 
standard methods, and then washed in double distilled water. Following washing, the 

5 plates air dried at room temperature. The virus plaques formed in the MDBK cell 
cultures were quantified by manual counting. The inhibitory activities of test compounds 
were determined by calculating the percent (%) reduction in plaques as follows: % 
reduction in plaques = (number of plaques (drug-treated infected cells) divided fay number 
of plaques (control (no compound) infected cells)) x 100. The data are presented in Table 

10 3. 



Table 3. Plaque Reduction Assay 





ECjo 


, CC50 


CastanospBrmiTie 


110+82 jM 


>1000jiM 


Imerferon-a2t) 


8.5±4.4IU f 


>100IU 


Ribavirin 


9.1 ±63 //M 


250 



^IU — interferon resistance units 



The EC50 is the concentration of compound that inlribits 50% of viral 
plaque forming units as compared to an untreated control. These results further 
15 demonstrate, as did Example 2, that each of the tested compounds has a direct effect on 
viral proliferation. 

EXAMPLE 4 

Synergism and Cytotoxicity of Castanospermjne in Combination 
with INF-cfib or Ribavirin 

20 A cytopathic assay was performed to determine the potential of 

castanospeimine to act synergistioalry with interferon-oflb or ribavirin, A two-way 
combination assay was performed with average background- and color-corrected data in 
an irMiition-of-cytopathio effect (CPE) assay as described below. The two-way drug 
combinations were achieved by creating a "checkerboard," with one drag being titrated 

25 horizontally and the other drug titrated vertically on MDBK cells infected with BVDV at 

27 



WO 2006/037227 PCT/CA2005/001528 



an MOI of 0.01. The same approach was used on non-infected MDBK cells to look at the 
effect of fhe combination on the cytotoxicity of the drugs. Each two-way combination 
was performed twice. The EC50 represents me concentration of conmound that provides 
50% protection of BVDV-induced cytotoxicity (CPE). The ECso data were analyzed 

5 using a MacSynergy© software program (gift trom Dr. Mark Pochard, University of 
Alabama, Tuscaloosa, AL) to determine any synergistic effect {see, e.g., Ouzounov et al^ 
supra; Buckwold et al t Antimicrob Agents Chemother. 47:2293, 2003). 

The ECjq values of one antiviral derived fiom the addition of a second 
- antiviral dose were plotted against the concentratioii of the second antiviral to create an 

1 0 isobole (dose pair), and all the isoboles were plotted in an isobologram to determine the 
presence of synergy, antagonism, or activity. A line of additivity was plotted by 
connecting the monotherapy EC50 values of each of the two test compounds (Le. t 
castanospennine and mterferon or castanospennine and ribavirin)- The line connecting 
the monotherapy EC50 values represents the theoretical additivity effect values for two 

15 compounds. Isoboles of combination treatments below the additivity line indicate 
synergy, while isoboles above the additivity line indicate antagonism. The percent 
cytotoxicity (or % viability) of each compound alone and in combination on MDBK cells 
was also determined and used to calculate CC50 values. The CCso of an antiviral is the 
dose that causes cytotoxicity in 50% of the cells when compared to untreated cells. 

20 In combination with the isobolograms, MacSynergy™ n software was also 

used to obtain die percent synergy or percent of antagonism volumes for the double 
combination data. The calculated additive interactions were subtracted from the 
experimentally determined values to reveal the regions and corresponding drug 
concentrations at which a synergistic (indicated by positive % values) or antagonistic 

25 (indicated by negative % values) BtTect is observed. The horizontal plane at 0% 

mhibrtion represents the additivity (additive surface). The gradation. in gray, a shift from 
light to dark, indicates the level of synergy. The 95% confidence intervals for the 
experimental dose-response surfaces were used to statistically evaluate the data. 

Table 4 lists the concentration ranges for each compound that were used io 

30 each experiment 

Table 4, Concentration Range Tested 

Compound Experiment 1 Experiment! 
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Castanospermine (juM) 


3.7-300 


6.25-100 


Itfbavmn(uM) 


037-30 


0,25 - 20 | 


Interferon ctZb (IU/mL) 


0.40 - 250 


0.08-50 



Initially, as was done in Example 1, individual compound potency (ECjq) 
for inhibition of BVDV-iaduced cytopathic effects in MDBK cells was determined for 
each combination experiment (see Table 5). Minimal experiment-to-experimcnt 
variability in individual drug potency was observed. 

5 Table 5. Protection of MDBK Cells from BYDV-Indiicsd 
Cytotoxicity (ECsq) 



Castano spermine 


Interferon a2b 


Ribavirin 


59±16mM 


19 ±6 IU/mL 


4±2mM 



• Dose Effect on ECgg 

The EC^o of castanospermme showed a dose-dependent decrease with 
increasing concentrations of mterfenra-o£b (Table 6). With an increasing concentration 
10 of interferon-o2b from 0 to 60 IU/mL,, the ECU 0 of castanospeimine decreased from 52 
uM to <1 jiM with a about a 5(WMd decrease at 20 IU/mL interferon-o2b (Table 6). 
Similarly, with an increasing concentration of castanospeimine from 0 to 100 uM, the 
ECw of interferon-oflb decreased from 16 uM to <1 uM with about a 2-fbld decrease at 
1 1 uM of castanospeimine (Table $). 



15 Table 6. Dose Effects onEO* 



Average Castanosp ermine EC50 (uM) 


Interferon-o2b added (IU/mL) 


0 


0.7 


2.2 


6.7 


20 


60 


Castanospermine EC50 (^M) 


' 52 


39 


19 


12 


1 


<1 


Average Interf eron-o£]b EQp (IU/mJU) 


Castanospeimine added (liM) 


0 


12 


3.7 


11 


33 


100 


mteiferon-a2b BC 50 (TU/mL) 


16 


18 


33 


7 


1 


<1 
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Double Combination Efficacy 

A greater positive percent (synergy) volume is indicative of a synergistic 
effect. Values less than 25 pM/ml 2 % or 25 ^(Jl^/xnlCwell)^ are insignificant; values 
between 25 and 50 nM/ml 2 % or 25 and 50 MMffLD/mlCwelT)^ are considered minor but 
5 significant; values between 50 and 100 /iM/ml 2 % or pM(Wml(well) 2 % indicate 
moderate synergy that may be indicative of a significant synergistic effect in vivo; and 
values greater than 100 fM/mf % or /iMQftO/mKwell)^ indicate strong synergy that is 
likely indicative of a significant synergistic effect in vivo. 

The casfcmospermine with interferon-o2b combination demonstrated 
10 Strong synergy in efficacy against BVDV-infected MDBK cells (Table 7)> and no 
significant antagonistic effects at any combination of concentrations tested (> -25 
/iM(IU/mL)%; any value less man -25 jeM(IU/mL)% is a significant antagonistic effect). 
Synergistic peaks were located at castenospermine concentrations between 25 uM and 
33 uM and an mterferonrdZb concentration of 10 IU/mL (see Figure I). Analysis of the 
15 combination data using isobologram graphs confirms the strong synergy observed; for 
example, at 10 IU/mL of interferon-a2b f the ECso of castanospermine is reduced by >7- 
fold while a lees man 2-fold reduction was expected (see Figure 2). 

The castenospermine with ribavirin combination demonstrated moderate 
synergy in efficacy in BVDV-infected MDBK cells (Table 7). Synergistic peaks were 
20 located at castanospermine concentrations between 10 uM and 50 uM and ribavirin 
concentrations between 1 uM and 6 uM (see Figure 3). The maximum percent synergy 
reached was between 22 /M 2 % and 3 1 /xM^/o (see Figure 3). Antagonistic effects in 
efficacy (-145 iM*%) were observed at very high concentrations of the compounds - for 
example, antagonistic peaks occurred at a castanospermine concentration of 300 uM and 
25 a ribavirm concentration of 30 uM, which are unlikely to be relevant in vivo. The 
maximum percent antagonism reached was approximately -68 uM 2 ^. Isobologram 
graphs derived from the combination of casl^sperrnine with ribavirm also indicate 
synergy between castanospermine and itoavirin; for example, at about 2 uM ribavirin, the 
EC50 of castanospermine is reduced by 2 to 3-fold while less than 2-fbld reduction was 
30 expected (see Figure 4). 

The interferon aZb with ribavirin combination demonstrated moderate 
synergy in efficacy (6*8 uM(TO/mL)%) against BVDV-infected MDBK cells (Table 7). 
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Similar volume of synergy has been reported in literature by Buckwold et at. a 2003. 
Synergistic peaks weie located at mterferon-oSb concentrations between 2 ILT/mL and 10 
IU/mL and ribavirin concentrations between 0.7 jiM and 3.3 uM (data not shown). The 
maximum percent synergy reached was between 20% and 30%. Antagonistic effects in 

5 efficacy (-102 /iM(IU/mL)%) were also observed high concentrations of drugs, with 
antagcmistic peaks occurring atinterferon-c£b concentrations SS0 IU/mL and ribavirin 
concentrations of £0 uJM The maximum percent antagonism reached was 
approximately -63 pM(Iir/mL)%- Isobologram graphs derived from the combination of 
interferon a2b with ribavirin also indicate that there is synergy between interferon-ofib 

10 and ribavirin; for example at about 10 IU/mL mterferan-aSb, the BC50 of ribavirin is 
reduced by up to >6-fbld, while about a 2-fold reduction was expected (data not shown). 



Table 7. Efficacy Synergy Volume of Double Combination Treatment 



Combination 


^Efficacy Synergy (95% d) 


Castanospernime / EFN-o2b (i«M(nj/mL)%) 


231 ±52 


Castanospermine / Ribavirin (pM 2 %) 


97 ±11 


^avirin / IFN-o2b QM(JU/mL)%) 


68±1 



d - Confidence Interval; IFN-d2b = Interferon ofib 



ponhle Combination Cytotoxicity 

15 A greater negative percent (antagonist) volume is indicative of the 

combination having lesser impact on cytotoxicity. A value of less than -25 /iM(IU/mL)% 
is considered a significant antagonistic effect (i.c p no significant cytotoxicity). 

The castanospermine with i n ( e x fe iu n -o2b combination demonstrated 
moderate antagonistic effects in cytotoxicity (-63 uM(IU/rnL)%) in uninfected MDBK 

20 cells, while no synergistic effects (> 25 uM(TU/mL)%) were observed (Table 8). 

Antagonistic troughs were located at castanospermine concentrations between 50 uM and 
100 jiM and mlerferon-oflb conceptions greater than 0.4 IU/mL (see Figure 5). The 
maximum percent antagonism reached was between -9% and -17%. 

The castanospermine with ribavirin combination also demonstrated 

25 moderate antagonistic effects in cytotoxicity (-46 pM^/o) in urrhrfected MDBK. cells, 
while no Bynergistic cytotoxic effects (> 25 uM*%) were observed (Table 8). 
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Antagonistic troughs were located at castanospermiiie ooncenttations of greater than 20 
uM and ribavirin concentrations of approximately 3 uM. The maximum percent 
antagonism reached was between -6% and -7% (see Figure 6). 

The interferon o2b with ribavirin conibination demonstrated moderate 

5 antagonistic effects in cytotoxicity with an average of -83 uM (IU/mL)% in uninfected 
MDBK cells, white no significant synergistic effects (> 25 jiMVo) were observed 
(Table 8). Antagonism was quite uniform throughout the concentration ranges of the two 
antiviralB with no region experiencing significantly higher antagonism than other areas 
(data not shown). The maximum percent antagonism reached was between -8% and - 

10 18%. 



Table S- Cytotoxicity Antagonism Volumes of Double Combination Treatment 





Cytotoxicity (95% d) 


Combination 


Synergy 


Antagonism 


Castanosperame / IFN-c&b (/iM(IU/mL)%) 


0 


-63 ±10 


Castanospermitte J Ribavirin (pM? %) 


0 


-46±13 


Rft avirin / IFN-c&b (pM(TU/mL)%) 


6±1 


-83 ±18 



CI » Confidence Interval; IFN-o2b = Interferon oQb 



Overall, combinations of castanospemiine with interferon-oSb were 
strongly synergistic (volume a of synergy >1 00 (IU/mL)uM%). Combinations of 

15 castmospeamine with ribavirin showed a more moderate synergy (between 25 jiMVo and 
1 00 jiM 2 %). Strong antagonistic volumes observed in the combinations occurred at high 
drug concentratioris and are unlikely to be relevant in vivo. The cytotoxic volumes for the 
combinations were either antagonistic, indicating that the combinations had no significant 
impact on their cytotoxicity. This antagonism in cytotoxicity may indicate that the 

20 combination can reduce the individual cytotoxicities of each compound. A dose- 
dependent reduction in EC50 of castanospermine (up to >52-fold) was observed upon the 
addition of increasing concentmtions of mterferon-cGb. This decrease in EC50 was more 
pronounced with the addition of increasing concentrations of ribavirm. The combinations 
did not increase the cytotoxicity of mterferon-d2b or nl>avirin. These data indicate that 

25 the combination of oastanospermine with interferon o£b and the combination of 
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caatanosperminB with ribavirin could be beneficial for the treatment of HCV-iofected 
patients. 

EXAMPLE 5 

Synergism and Cytotoxicity of Castanospermine in Combination 
5 with amantadine ornb-dnj 

A cytopathic assay was performed to determine the potential of 
castanospermiiie to act synergistic ally with amantadine or ;YB-DNJ. A two-way 
oombination assay was performed with average background- and color-corrected data in 
an mhibiti<mH3f-cytopathic effect (CPE) assay as described below. The two-way drug 

10 combinations were achieved by creating a "checkerboard," with one drug being titrated 
horizontally and the other drug titrated vertically on MDBK cells infected with BVDV at 
an MOI of 0.05. the same approach was used on non-infected MDBK cells to look at the 
effect of the combination an the cytotoxicity of the drags. Each two-way combination 
was performed twice. The ECso represents the concentration of compound that provides 

15 50% protection of B VDV-mduced cytotoxicity (CPE), The ECso data were analyzed 
using a Mac Synergy® software program (gift from Dr. Mark Prichard, University of 
Alabama, Tuscaloosa, AL) to determine any synergistic effect (see, e.g., Oozounov et al n 
supra-, Buckwold et aL t Antimicrob. Agents Chemother. 47:2293, 2003). Also tested was 
M-1914 (a uon nucleoside HCV inhibitor of HCV polymerase that does not inhibit 

20 BVDV) as a negative control. 

Individual potencies (ECso) each of the dings for inhibition of BVDV- 



mduced cytopathic effects in MDBK cells were determined for each combination 
experiment (see Table 9). 

Table 9. Protection of MDBK Cells from BVDV-Induced Cytotoxicity (ECso) 



Castanospermine 


Amantadine 


M-1914 


NB-DNJ 


>100 


4O0.4 


>S0 


>500 



25 Double Combination Efficacy Studies 

Combination of castanospermine with amantadine showed moderate 
synergy (volumes of synergy 60.7 uM 2 %) in wWHtbg the cytopathic effect of BVDV in 
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MDBKcefls. Combinations of castanospermine with NB-DNJ or M-19 14 were not 
significantly synergistic (volumes of synergy <25 /xM 2 %) in inhibiting the cytopafbio 
effect of BVDV in MDBK cells. No significant antagonism was observed between 
caslanosp ermine and amantadine, castanospermine and NB-DNJ, or castanospermine and 
5 M-1914 combinations (volumes of synergy > -25 pM 2 %) (Table ID). 



Table 10. Efficacy Synergy Volumes of Combination Treatment 



Combination 


Efficacy Synergy (pM 2 %) (95% CI) 


CastKnospermine-Axoantadine 


60.7 


Castanospennine-M-1914 


6 


CastanospenmnB-NB-DOT 


16.3 



CI = Confidence Interval; range tested: Castanospermine - 33.3-0.4 /M; M-1914 » 50- 
3.12 mM; Amantadine - 250-313; NB-DNJ = 250-31.3 



10 Double Combination Cytotoxicity Studies 

The cytotoxicity of castanospermine in combination with amantadine, 
M-1914, or NB-DNJ was determined in uninfected MDBK cells. The cytotoxic volumes 
for the double combinations were additive for the double combinations of 
castanospermine with amantadine* M-1914, or NB-DNJ (volumes of synergy <25 

15 /iM 2 %). No significant antagonism was observed for the combination castanospermine 
with NB-DNJ (volume of synergy > -25 jaM 2 %), while moderate antagonism was 
observed with the combinations castanospermine with amantadine (volume of synergy - 
40.1 ^M?%) or castanospermme-M-1 9 14 (volume of synergy -26,3 pM 2 %\ indicating 
tbqt addition of castanospermine to amantadine or M-1914 can reduce their expected 

20 toxicities. 



Table 11. Cytotoxicity Antagonism Volumes of Combination Treatment 





Cytotoxicity Volumes (pM 1 %) (95% CI) 


Combination 


Synergy 


Antagonism 


Castenosp ermino-Amantadine 


U 


^0.1 


Castanospermme-M-1914 


0 


-26.3 


Castanospermme-NB-DNJ 


8.1 


-1.7 
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Those skilled in the ait will recognize, or be able to ascertain,, using no 
moid than routine experimentation, many equivalents to the specific embodiments of the 
invention described herein. Such equivalents axe intended to be encompassed by the 
following claims. 
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CLAIMS 

We claim the following: 

1 , A method far treating a Flaviviridae infection comprising 
administering to a subject oastanosp ermine, or a pharmaccuticall^ Acceptable salt 
thereof; and an agent that alters immune function. 

2. A method for treating a Flaviviridae infection comprising 
administering to a subject castano spermine, or a pbaxmaoeuticaUy acceptable salt 
thereof, and an agent that altera replication Flaviviridae. 

X The method according to either claim 1 or claim 2 wherein the 
subject is a human, 

4. ' The method according to cither claim 1 or claim 2 wherein the 
Flaviviridae is a member of the genus Flavivirus. 

5. The method according to either claim 1 or claim 2 wherein the 
Flavtviridae is a member of the genua Pestivirus- 

6. Hie method of claim 4 wherein the Flavivirus is a Hepacivirus, 
wherein the Hepacivirus is Hepatitis C -virus (HCV). 

7. The method according to claim 1 wherein the agent that alters 
immune function is an interferon, 

8. The method according to claim 7 wherein the interferon is an . 

intetXeron-OL 
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9. The method according to claim 8 wherein the interferon-** is 

pegylated. 

1 0. The method according to claim 1 wherein castanospermme and 
the agent that altars immune Amotion are administered sequentially. 

1 1 . The method according to claim 10 wherem the agent that alters 
immune ftmctton is adm iro stered before oastanospermme. 

12. The method according to claim 10 wherein oastmospetmrne is 
administered before the agent that alters mimuno function. 

13. Hie method according to claim 1 wherein castenospermin© and 
the agent that alters immune function are administered concurrently. 

1 4. The method according to claim 1 wherein castano spermine and 
me agent that alters immune function are admixed as a single composition and 
aa^ninistered concurrently. 

15. The method according to claim 1 comprising administering to a 
subject (a) a composition comprising caetanospemune and a pharmaceutical!^ 
acceptable carrier and (b) a composition comprising the agent mat alters immune 
function and a phaxmaceutically acceptable carrier. 

16. The method according to claim 2 wherein the agent that alters 
viral replication is ribavirin. 

17. The method according to claim 2 wherein the agent that alters 
viral replication is interfercn-o: 
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18. The method according to claim 2 wherein castanospennine and 
the agent that alters viral replication ace administered sequentially. 

19. The method according to claim 18 wherein the agent that altera 
viral replication is administered before castanospetmiue. 

20. The method according to claim 18 wherein castanospermine is 
administered before the agent that alters viral replication 

21. The method according to claim 2 wherein castanospennine and 
the agent that alters viral replication are administered concurrently- 

22. The method according to claim 2 wherein castanospermine and 
the agent that alters viral replication are admixed as a single composition and 
administered concurrently. 

23. The method according to claim 1 wherein castanospennine and 
the agent that alters immune function interact synergistioally. 

24. The method according to claim 2 wherein the castanospermine 
and the agent that alters viral replication interact synergistically. 

25. A method tor treating Ftaviviridae infection comprising 
castanospennine hi combination with an agent selected from: 

(a) a compound that inhibits infection of cells by Flaviviridaer, 

(b) a compound that inhibits the release of viral SNA from the viral 
capsid or inhibits the function of Ftaviviridae gene products; 

(c) a compound that alters Ftaviviridae replication; 

(d) a compound that alters immune function; 

(e) a compound that alters symptoms of a Flaviviridae infection; and 
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26. The method according to claim 25 wherein die compound that 
alters immune function is an interferon. 

27. The mefhod according to claim 25 wherein the interferon is 

intcrfbron-Of. 

28. The method according to claim 27 wherein the interferon is 
pegylated interferons 

29. Hie method according to claim 25 wherein the compound that 
alters Flavivirtdae viral replication is ribavirin or interfemn-a 

30. The method according to claim 25 wherein the 
Flavtvirtdae-asBQoiatdd. infection is a hepatitis B viral (HBV) infection or a retroviral 
infection. 

31. The method according to claim 30 wherein the retroviral 
infection is a human immimodeficiency vims infection (HIV). 

32. A method for treating a Ftoviviridae infection comprising 
administering to a subject castanosperxntne, or a pharmaceutical^ acceptable salt 
thereof and an interferon. 



33. 



The method according to claim 32 wherein the interferon is 



interferon-ot 



34. 



The method according to claim 32 wherein the interferon is 



pegylated interferon-a. 



35. The method according to claim 32 wherein castanospennine and 
the interferon interact synergusticalry. 
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36* Use of a composition for the manufacture of a medicament for 
the treatment of bFlavtviridae infection, wherein mc composition comprises 
castanogpennine, or a pharmaceimojliy acceptable salt thereof, and an agent mat alters 
immune function* 

3 7 . The use according to claim 3 6 wherein the agent that alters 
immune function is an interferon. 

38. The use according to claim 37 wherein the interferon is 

mterfcron-OL 

39. The use according to claim 3 7 wherein the interferon is pegylatad 

mtorferon-oi 

40. Use of a composition far the manufacture of a medicament for 
the treatment of a Maviviridae infection, wherein the composition comprises 
castanospermine, or a pharmaceutccally acceptable salt thereof, and an agent that alters 
replication of Flavtvtridae. 

41. The use according to claim 36 wherein the agent mat alters 
replication of Flavtvtridae is ribavirin. 
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NEW CLAIMS 

received by the International Bureau on 28 March 2006 (28.03.2006) 

1. A method for treating a Flaviviridae infection comprising 
administering to a subject castanosp ermine or a phannaceutioally acceptable salt thereof, 
and an agent that inhibits Flaviviridae gene products. 



2. The method according to claim I wherein the subject is a human. 

3. The method according to claim 1 wherein the Flaviviridae is a 
member of the genus Flavivirus. 

4 . The method according to claim 1 wherein the Flaviviridae is a 
member of the genus Pestivirus. 



5. The method of claim 1 wherein the Flaviviridae is a Hepacivirus, 
wherein the Hepacivirus is Hepatitis C virus (HCV). 

6. The method of claim 5 wherein the Hepacivirus is Hepatitis C 

virus (HCV). 



7. The method according to claim 1 wherein the agent thai inhibits 
Flaviviridae gene products is ribavirin. 

8. The method according to claim 1 wherein the agent that inhibits 
Flaviviridae gene products is valopicitabine. 

9. The method according to claim 1 wherein the agent that inhibits 
Flaviviridae gene products is a Flaviviridae serine pmtease inhibitor. 
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10. The method according to claim 9 wherein the serine protease 
inhibitor is VX-950. 

1 1. The method according to claim 1 wherein castanospennine and the 
agent that inhibits FlavMridae gene products interact synergistically. 

1 2. The method according to any one of claims 1-11 wherein 
castanospennine and the agent that inhibits FlavMridae gene products are administered 
sequentially. 

13. The method according to claim 1 2 wherein the agent that inhibits 
FlavMridae gene products is administered before castanospennine. 

14. The method according to claim 12 wherein castanospennine is 
administered before the agent that inhibits Flaviviridae gate products. 

15. The method according to any one of claims 1 -1 1 wherein 
castanospennine and the agent that inhibits Flaviviridae gene products are administered 
concurrently. 

16. The method according to claim 10 wherein castanospennine and 
the agent that inhibits Flaviviridae gene products are admixed as a single composition. 

17. The method according to any one of claims 1-11 comprising 
administering to a subject (a) a composition comprising castanospennine and a 
pharmaceutical^ acceptable carrier and (b) a composition comprising the agent that 
inhibits Flaviviridae gene products and a pharmaceutical^ acceptable carrier. 
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18. A method for treating a Flaviviridae infection comprising 
administering to a subject castanospermine or a pharmaceutical acceptable salt thereof, 
and an RNA-dependent RNA polymerase (RdRp) inhibitor. 

19. The method according to claim 1 8 wherein die RdRp inhibitor is 

ribavirin. 



20. The method according to claim 19 wherein castanospennine and 
die ribavirin interact synergistically. 

2 1 . The method according to cl aim 1 8 wherein the RdRp inhibitor is 

valopicitabine. 

22. Use of a composition for the manufacture of a medicament for the 
treatment of a Flaviviridae infection, wherein the composition comprises 
castanospennine or a pharmaceutical^ acceptable salt thereof, and an agent that inhibits 
Flaviviridae gene products. 

23. The use according to claim 22 wherein the agent that inhibits 
Flaviviridae gene products is ribavirin. 

24. The use according to claim 22 wherein the agent that inhibits 
Flaviviridae gene products is valopicitabine. 

25. The use according to claim 22 wherein the agent that inhibits 
Flaviviridae gene products is a Flaviviridae serine protease inhibitor. 

26. The use according to claim 25 wherein the Flaviviridae serine 
protease inhibitor is VX-950. 
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